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QuOBJECTIVES This study sought to compare in-hospital mortality and bleeding complications for procedures performed
by sleep-deprived versus non–sleep-deprived operators.
BACKGROUND To optimize the safety of percutaneous coronary intervention (PCI), it is essential to determine whether
physicians performing emergent, middle-of-the-night procedures, and who may be sleep-deprived as a consequence,
have equally safe outcomes when performing cases the following day.
METHODS We used CathPCI registry data to compare in-hospital mortality and bleeding complications for procedures
performed by sleep-deprived versus non–sleep-deprived operators using logistic regression with generalized estimating
equations to account for within-operator clustering. Outcomes were risk-adjusted using previously validated models for
in-hospital mortality and bleeding. Our cohort included 1,509,096 daytime PCI procedures performed by 5,014 operators
between 7 AM and midnight from July 1, 2009, through June 30, 2012. Operators were assumed to be acutely sleep-
deprived if they began a middle-of-the-night PCI between midnight and 6:59 AM and performed a next-day PCI between
7 AM and midnight, and chronically sleep deprived if they had performed multiple middle-of-the-night PCI procedures
during the previous 7 days.
RESULTS Only 2.4% of all daytime PCI procedures were performed by operators who had performed at least 1
middle-of-the-night PCI procedure earlier that day. In adjusted analyses, when comparing procedures performed by
acutely sleep-deprived with non–sleep-deprived operators, there were no signiﬁcant differences in mortality (odds ratio
[OR]: 1.02, 95% conﬁdence interval [CI]: 0.94 to 1.12; p ¼ 0.61) or bleeding (OR: 1.03, 95% CI: 0.98 to 1.08; p ¼ 0.19).
However, a greater degree of chronic sleep deprivation was associated with a higher adjusted risk of bleeding (OR: 1.19,
95% CI: 1.05 to 1.34; p ¼ 0.007).
CONCLUSIONS Daytime PCI procedures are uncommonly performed by sleep-deprived operators. We found no signal
of increased complications when acutely sleep-deprived operators performed PCI but an increased risk of bleeding
associated with procedures performed by operators with greater degrees of chronic sleep deprivation. (J Am Coll Cardiol
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50G iven the importance of primarypercutaneous coronary interven-tion (PCI) in the treatment of ST-
segment elevation myocardial infarction (1),
interventional cardiologists often perform
PCI while on call. In other settings, extended
work hours among physicians have been
associated with poor psychomotor perfor-
mance (2), reduced alertness (3), increased
likelihood of medical errors (4), occupationalinjuries (5), and motor vehicle accidents (6). It is
not clear, however, how frequently or how safely
interventional cardiologists perform PCI on the
day following a middle-of-the-night PCI procedure.
One small, single-center study did not ﬁnd a statis-
tically signiﬁcant increase in risk-adjusted mortality
when PCI was performed by interventional cardiol-
ogists who were post-call; however, the study was
underpowered and the estimated effect size (odds
ratio [OR]: 6.8, 95% conﬁdence interval [CI]:
0.66 to 30.6) was large (7). It is plausible that
sleep deprivation could adversely affect cognitive
or psychomotor function, translating into an in-
creased risk of life-threatening procedural com-
plications and/or altering the operator’s threshold
for employing bleeding avoidance strategies, ulti-
mately culminating in increased risk of bleeding.
If PCI performance following middle-of-the-night
procedures were associated with worse out-
comes, this would have major patient safety and
policy implications. To address this existing
gap in knowledge, we used data from the NCDR
(National Cardiovascular Data Registry) CathPCI
registry to examine next-day PCI outcomes amongLifetrac, Inc.; Somnus Therapeutics, Inc.; and Vanda Pharmaceut
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PCI procedures.METHODS
DATA SOURCE. The CathPCI registry, an initiative of
the American College of Cardiology Foundation and
the Society for Cardiovascular Angiography and In-
terventions, collects detailed demographic, clinical,
process, and in-hospital outcome data for patients
undergoing PCI at participating academic, commu-
nity, for proﬁt, and not-for-proﬁt hospitals (8).
Approximately, 85% of all PCI procedures performed
in the United States are captured by CathPCI (9).
Complete data element deﬁnitions for CathPCI reg-
istry version 4 are available online at the NCDR
website.
STUDY POPULATION. Between July 1, 2009, and
June 30, 2012, 1,869,997 PCI procedures were entered
into the registry. We excluded 1,836 operators who
never performed a procedure between midnight and
7 AM; 1,945 operators who performed at least 1 pro-
cedure between midnight and 7 AM, but performed no
procedures after 7 AM the subsequent day; and all
operators without a valid national provider identiﬁer.
This yielded a ﬁnal study population of 1,509,096 PCI
procedures performed by 5,014 operators between
7 AM and midnight.
SLEEP STATUS. The overall study aim was to deter-
mine whether daytime procedures performed by
sleep-deprived operators (so-called sleep-deprivedicals, Inc.; has received royalties from McGraw Hill,
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51procedures) were associated with increased mortality
or bleeding complications when compared with
daytime procedures performed by operators who
were not sleep-deprived. In the primary analysis,
operators were considered acutely sleep-deprived
if they began a middle-of-the-night PCI between
midnight and 6:59 AM and performed a next-day PCI
between 7 AM and midnight on the same date. In
addition to our more coarse deﬁnition of “sleep-
deprived,” we also sought to examine the degree of
acute sleep deprivation prior to the conduct of a
procedure. The degree of acute sleep deprivation
following middle-of-the-night PCI was approximated
by the next-day PCI procedure start time. Because we
assumed that no sleep opportunity existed after
completing a middle-of-the-night PCI but before
beginning a next-day PCI procedure, we considered
later procedural start times after amiddle-of-the-night
case as indicating greater degrees of acute sleep depri-
vation.We also categorized the degree of chronic sleep
deprivation by the number of days ($2 vs. 1) on which
a middle-of-the-night PCI procedure was performed
during the week preceding a daytime sleep-deprived
PCI procedure. More frequent middle-of-the-night
PCI procedures during the week preceding a sleep-
deprived procedure were assumed to indicate a
greater degree of chronic sleep deprivation.
OUTCOMES. Primary outcomes of interest included
in-hospital all-cause mortality and in-hospital
bleeding. By the NCDR deﬁnitions, bleeding was
deﬁned as any of the following within 72 h of the
PCI procedure: intracranial hemorrhage; cardiac tam-
ponade; non–coronary artery bypass graft–related
transfusion of whole or packed red blood cells
excluding patients with pre-procedure hemoglobin
level #8 g/dl, or absolute hemoglobin decrease from
pre- to post-PCI $3 g/dl excluding patients with
pre-procedure hemoglobin >16 g/dl (10). A number of
pre-speciﬁed secondary in-lab and in-hospital out-
comes were also examined using standard NCDR
deﬁnitions. Secondary in-lab outcomes included
lesion crossing with a guidewire, device deployment,
vessel dissection, vessel perforation, and successful
lesion dilation. Secondary in-hospital outcomes
included the composite endpoint death, myocardial
infarction, or stroke, as well as the individual end-
points of periprocedural myocardial infarction, stroke,
coronary artery bypass graft, tamponade, vascular
complication, blood transfusion, bleeding event
within 72 h, access site hematoma, and retroperitoneal
bleed.
STATISTICAL ANALYSIS. Patient characteristics and
procedural outcomes are compared according towhether PCI was performed by a sleep-deprived
versus a non–sleep-deprived operator. Categorical
variables are presented as frequencies (percentages),
and in unadjusted analyses, between-group differ-
ences are assessed using the chi-square or Fisher
exact tests where appropriate. Continuous variables
are presented as medians with interquartile ranges
(IQR) and in unadjusted analyses these are compared
using the Wilcoxon rank-sum test.
Unadjusted and adjusted OR with 95% CI are pre-
sented for each outcome (bleeding and mortality) for
procedures performed by sleep-deprived versus non–
sleep-deprived operators using logistic regression
with generalized estimating equations to account for
within-operator clustering. In the bleeding models,
adjustments were made for covariates in the revised
NCDR CathPCI bleeding risk model (10). In the mor-
tality models, adjustments were made for covariates
from the NCDR CathPCI mortality risk model (11).
Variables included in these models are listed in
Online Table 1.
To assess the association between greater degree of
acute sleep deprivation and outcome, we stratiﬁed
cases after a middle-of-the-night procedure by
whether or not the case started after noon, and we
assumed that later cases indicated greater acute sleep
deprivation. Similarly, we assessed chronic sleep
deprivation by categorizing next-day procedural
outcomes according to whether operators had
performed $2 versus 1 middle-of-the-night PCI pro-
cedure during the past 7 days preceding a sleep-
deprived procedure.
A p value of <0.05 was considered statistically
signiﬁcant in all analyses. All statistical analyses were
performed using SAS (version 9.3, SAS Institute, Cary,
North Carolina).
SENSITIVITY ANALYSIS. Given the lack of a ﬁner
measure to assess the degree of sleep deprivation, we
conducted several sensitivity analyses to conﬁrm our
primary ﬁndings. In the ﬁrst sensitivity analysis,
middle-of-the-night PCI was deﬁned as occurring
between 2 and 5:59 AM, and next-day PCI procedures
included those started between 6 AM and midnight on
the same date. In the second sensitivity analysis,
middle-of-the-night PCI was deﬁned as occurring
between midnight and 6:59 AM, and next-day PCI in-
cluded only those PCI procedures started between
7 AM and 5 PM on the same date. In the third sensitivity
analysis, we deﬁned middle-of-the-night PCI pro-
cedures as those started between midnight and
6:59 AM and next-day PCI as those procedures started
between 7 AM and midnight on the same date, but we
further characterized sleep status according to sleep
TABLE 1 Clinical and Procedural Characteristics
PCI by a Sleep-
Deprived Operator
(n ¼ 36,049)
PCI by a Non–Sleep-
Deprived Operator
(n ¼ 1,473,047) p Value
Demographics
Age, yrs 64 (56–74) 65 (56–74) <0.0001
Male 67.5 67.3 0.56
Caucasian 89.3 88.7 0.0015
History and risk factors
Body mass index, kg/m2 29.1 (25.7–33.3) 29.1 (25.7–33.3) 0.94
Diabetes 35.3 36.6 <0.0001
Hypertension 80.5 82.2 <0.0001
Dyslipidemia 78.4 80.1 <0.0001
Current/recent smoking 28.9 27.3 <0.0001
Previous myocardial infarction 30.1 30.5 0.07
Previous coronary artery
bypass graft surgery
17.9 19.1 <0.0001
Previous PCI 39.8 41.1 <0.0001
Peripheral vascular disease 12.6 12.8 0.3
Cerebrovascular disease 12.2 12.5 0.16
Previous heart failure 11.8 12.1 0.14
Chronic lung disease 15.2 15.5 0.24
Previous renal failure 2.2 2.1 0.009
Dialysis 2.2 2.4 0.009
Clinical presentation <0.0001
Asymptomatic 7.2 8.4
Atypical chest pain 2.4 2.9
Stable Angina 15 16.9
Unstable angina 36.2 38.6
NSTEMI 20.8 19.2
STEMI 18.4 14.0
Cardiogenic shock 3.0 2.5 <0.0001
Cardiac arrest 2.2 1.8 <0.0001
Canadian Cardiovascular Society
angina class
<0.0001
I 5.1 5.7
II 17.8 19.2
III 32.3 33.8
IV 33.2 28.6
New York Heart Association class 0.97
1 10.9 11.2
2 28.8 28.8
3 35.4 35.4
4 24.3 24.3
Predicted in-hospital bleeding risk 3.6 (2.1–7.3) 3.3 (2–6.5) <0.0001
Predicted in-hospital death risk 0.3 (0.1–0.8) 0.2 (0.1–0.6) <0.0001
Pre-procedure labs
Hemoglobin, in mg/dl 13.7 (12.4–14.9) 13.7 (12.3–14.8) <0.0001
GFR, ml/min* 74.4 (58.3–90.7) 74.5 (58.2–90.9) 0.94
Procedural characteristics
PCI status <0.0001
Elective 39.4 44.4
Urgent 39.8 39.8
Emergent 20.3 15.5
Salvage 0.4 0.3
Planned PCI 12.9 14 <0.0001
Intra-aortic balloon pump 2.7 2.4 <0.0001
Other mechanical ventricular support 0.6 0.5 <0.0001
Continued on the next page
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52opportunity, where sleep opportunity was deﬁned by
the number of middle-of-the-night PCI procedures
performed by an operator (0, 1, 2, or more) on the
same date.
Finally, the primary analyses were repeated using a
within-operator propensity-matched sample. Vari-
ables included a priori in the propensity model are
listed in Online Table 1. We aimed to use the greedy
match algorithm to pair 2 control cases (non–sleep-
deprived procedures) to every case (sleep-deprived
procedure) within operator, on the logit of the pro-
pensity score using the publically available gmatch
macro (12) within a pre-speciﬁed caliper of 0.2 the
standard deviation of the logit of the propensity
score. This approach results in estimates of the
treatment effect with lower mean squared error (13).
If there were no control procedures with a propensity
score within the caliper of a given sleep-deprived
procedure, then that sleep-deprived procedure was
not included in the matched sample. To estimate the
sleep-deprived versus non–sleep-deprived effect on
outcomes among the propensity-matched sample, we
estimated the OR from a logistic regression model
stratiﬁed by matched group. We were able to match at
least 1 control for 99.7% of cases (35,949 of 36, 049)
and 2 control cases for 98.4% (35,461 of 36,049) of
cases.
RESULTS
PATIENT AND PROCEDURAL CHARACTERISTICS.
In this study, 2.4% (n ¼ 36,049) of all 1,509,096
daytime PCI procedures were performed by
operators who had also performed at least 1 middle-
of-the-night PCI earlier that day. Patient and pro-
cedural characteristics for the primary analytic
cohort appear in Table 1. Median (IQR) patient age in
the overall cohort was 65 (56 to 74) years, more than
two-thirds were men, and nearly 9 of 10 were
Caucasian. Most patient characteristics were similar
for sleep-deprived and non–sleep-deprived proce-
dure groups, although patients who underwent
daytime PCI by a sleep-deprived operator were more
likely to present with ST-segment elevation myo-
cardial infarction (18.4% vs. 14%) or to have Cana-
dian Cardiovascular Society angina class IV angina
(33.2% vs. 28.6%). The predicted probabilities for
both in-hospital bleeding and mortality were higher
among patients undergoing PCI performed by sleep-
deprived operators.
Patients who underwent PCI performed by sleep-
deprived operators were less likely to undergo an
elective procedure (39.4% vs. 44.4%), less likely to
have TIMI (Thrombolysis In Myocardial Infarction)
TABLE 1 Continued
PCI by a Sleep-
Deprived Operator
(n ¼ 36,049)
PCI by a Non–Sleep-
Deprived Operator
(n ¼ 1,473,047) p Value
Vascular access site <0.0001
Femoral 91.4 90.5
Radial 8.2 9.1
Brachial 0.4 0.4
Distribution of coronary disease
Single-vessel 46.3 46.0 0.24
2-vessel 31.2 31.4
3-vessel 22.1 22.1
Number of lesions treated
1 71.7 71.7 <0.0001
2 21.5 22.1
3 5.2 5
4 1.2 1
Pre-procedure TIMI ﬂow grade <0.0001
0 18.8 15.7
1 8.6 8.5
2 20.2 19.1
3 52.1 56.4
SCAI lesion class <0.0001
I 42.5 44.9
II 38.2 39.0
III 5.3 4.3
IV 13.8 11.6
ACC/AHA type C (complex) lesions 52.0 50.7 <0.0001
Bifurcation lesion 11.2 11.3 0.68
Chronic total occlusion 13.9 16.7 <0.0001
Unfractionated heparin 54.3 51.2 <0.0001
Bivalirudin 53.9 57.3 <0.0001
Glycoprotein IIb/IIIa inhibitor 28 26.8 <0.0001
Device type 0.34
Any drug-eluting stent 70.5 70.7
Bare-metal stent only 21.0 20.7
No stent 8.5 8.6
Fluoroscopy time, min 10.9 (7–17.3) 11.4 (7.2–18.1) <0.0001
Contrast volume, mL 180 (130–235) 180 (135–240) <0.0001
Bleeding avoidance strategies
employed†
77.0 78.6 <0.0001
In-lab outcomes
Guidewire across lesion 98.5 98.5 0.97
Device deployed 97.4 97.4 0.4
Dissection 1.3 1.3 0.8
Perforation 0.3 0.4 0.29
Lesion successfully dilated 94.9 94.9 0.91
Values are percentages or median (interquartile range) or %. *Among nondialysis cohort, modiﬁed diet in renal
disease equation. †Bleeding avoidance strategies included use of transradial access, bivalirudin and/or a vascular
closure device.
ACC ¼ American College of Cardiology; AHA ¼ American Heart Association; GFR ¼ glomerular ﬁltration rate;
NSTEMI ¼ non–ST-segment elevation myocardial infarction; PCI ¼ percutaneous coronary intervention; SCAI ¼
Society for Cardiovascular Angiography and Intervention; STEMI ¼ ST-segment elevation myocardial infarction;
TIMI ¼ Thrombolysis In Myocardial Infarction.
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53ﬂow grade 3 pre-procedure (52.1% vs. 56.4%), more
often treated with unfractionated heparin (54.3% vs.
51.2%), and less often treated with bivalirudin
(53.9% vs. 57.3%). Although bifurcation PCI was
performed equally often in both groups, chronic to-
tal occlusion PCI was performed less often in pro-
cedures performed by a sleep-deprived operator.
Bleeding avoidance therapies, including transradial
access, bivalirudin, and/or vascular closure devices
were employed slightly less often among sleep-
deprived than non–sleep-deprived operators (77%
vs. 78.6%).
OUTCOMES. Unadjusted in-lab and in-hospital out-
comes appear in Tables 1 and 2, respectively. In-lab
outcomes, including coronary artery dissection and
perforation, as well as successful lesion treatment
occurred with similar frequencies in both groups.
Unadjusted in-hospital mortality (1.6% vs. 1.3%; p <
0.001) and bleeding (6.1% vs. 5.4%; p < 0.001)
occurred signiﬁcantly more frequently among pa-
tients treated by acutely sleep-deprived versus non–
sleep-deprived operators. However, after adjustment
for bleeding and mortality risks using the NCDR risk-
adjustment models, there were no signiﬁcant differ-
ences in either mortality (OR: 1.02, 95% CI: 0.94 to
1.12; p ¼ 0.61) or bleeding (OR: 1.03, 95% CI: 0.98 to
1.08; p ¼ 0.19). A composite of all registry-measured
PCI complications, including dissection, perfora-
tion, myocardial infarction, cardiogenic shock, heart
failure, stroke, tamponade, new dialysis require-
ment, blood transfusion, bleeding event within 72
h, other vascular complication, emergent coronary
artery bypass graft, or death, occurred more often
among PCI procedures performed by sleep-deprived
than by non–sleep-deprived operators in unad-
justed analyses (9.3% vs. 8.6%, p < 0.0001), but
after multivariable adjustment, there were no sig-
niﬁcant differences in the incidence of this
endpoint (OR: 1.01, 95% CI: 0.97 to 1.05; p ¼ 0.78).
In sensitivity analyses, there were no signiﬁcant
differences in adjusted mortality or bleeding when
an acutely sleep-deprived operator was deﬁned as
one who began middle-of-the-night PCI during a
more narrow time window, when next-day pro-
cedures included only those during “normal busi-
ness hours,” when procedures were stratiﬁed
according to the number of middle-of-the-night PCI
procedures begun earlier on the same date, or
when sleep-deprived procedures were matched to
non–sleep-deprived procedures within operator
(Figures 1 and 2). Among procedures performed by
sleep-deprived operators, there was no signiﬁcant
relationship between acute sleep deprivation andadjusted risk of bleeding (OR: 0.90, 95% CI: 0.80 to
1.01; p ¼ 0.06) or mortality (OR: 0.88, 95% CI:
0.70 to 1.12; p ¼ 0.3). In contrast, while procedures
performed by operators with greater degrees of
chronic sleep deprivation (1.3% of all daytime
FIGURE 1 Adjusted Effect of Sleep-Deprived Versus Not–Sleep-Deprived State on Mortality
On-call (primary analysis): Middle-of-the-night percutaneous coronary intervention (PCI)
was deﬁned as beginning between midnight and 6:59 AM, whereas next-day PCI procedures
included those which began between 7 AM and midnight on the same date. On-call (2 AM to
6 AM): Middle-of-the-night PCI was deﬁned as beginning between 2 AM and 5:59 AM,
whereas next-day PCI procedures included those that began between 6 AM and midnight on
the same date. Business hours (7 AM to 5 PM): Middle-of-the-night PCI was deﬁned as
beginning between midnight and 6:59 AM, whereas next-day PCI included only those PCI
procedures that began between 7 AM and 5 PM on the same date. Two or more cases versus
0 (midnight to 7 AM): Middle-of-the-night PCI procedures were deﬁned as those begun
between midnight and 6:59 AM, whereas next-day PCI included those procedures that
began between 7 AM and midnight on the same date; in this analysis, sleep status was
further characterized according to sleep opportunity, deﬁned by the number of middle-
of-the-night PCI procedures performed by an operator (0, 1, 2, or more) on the same date.
Daytime PCI outcomes were compared between operators who had performed $2 versus
no middle-of-the-night PCI procedures on the same date. One case versus 0 (midnight to
7 AM): Daytime PCI outcomeswere compared between operatorswho had performed 1 versus
no middle-of-the-night PCI procedures on the same date. Propensity score (PS) matched:
Middle-of-the-night PCI was deﬁned as beginning between midnight and 6:59 AM, whereas
next-day PCI procedures included those that began between 7 AM and midnight on the
same date. However, sleep-deprived procedures were propensity-matched to non–
sleep-deprived procedures within operator. LCL ¼ lower conﬁdence limit; OR ¼ odds ratio;
UCL ¼ upper conﬁdence limit.
TABLE 2 Unadjusted In-Hospital Outcomes
Sleep-Deprived
Procedures
(n ¼ 36,049)
Non–Sleep-Deprived
Procedures
(n ¼ 1,473,047) p Value
All-cause mortality 1.6 1.3 <0.0001
Primary bleeding endpoint 6.1 5.4 <0.0001
Death, myocardial infarction, or stroke 3.6 3.4 0.011
Periprocedural myocardial infarction 1.9 2.0 0.61
Stroke 0.2 0.2 0.91
Coronary artery bypass graft 1.2 1.1 0.11
Tamponade 0.09 0.09 0.86
Any vascular complication 0.4 0.42 0.47
Blood transfusion 2.8 2.5 0.006
Bleeding event within 72 h 1.8 1.6 0.009
Bleeding at access site 0.4 0.4 0.025
Hematoma at access site 0.7 0.7 0.4
Retroperitoneal bleed 0.2 0.19 0.44
Values are %.
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54procedures in this cohort) were not associated with
increased adjusted risk of mortality (OR: 0.81,
95% CI: 0.62 to 1.05; p ¼ 0.1), they were asso-
ciated with a signiﬁcantly greater adjusted risk of
bleeding (OR: 1.19, 95% CI: 1.05 to 1.34; p ¼ 0.007)
(Table 3).
DISCUSSION
We examined the safety of PCI procedures performed
the day after a middle-of-the-night PCI procedure.
In the largest study of its kind to date, we observed
that only w1 in 40 daytime PCI procedures were
performed by operators who had also performed
middle-of-the-night PCI earlier that day. Importantly,
we found no signiﬁcant adverse association with
adjusted in-hospital mortality or bleeding when
comparing procedures performed by acutely sleep-
deprived versus non–sleep-deprived operators. How-
ever, among chronically sleep-deprived operators
performing middle-of-the-night PCI on 2 or more
nights during the 7 days prior to a sleep-deprived
procedure (an uncommon occurrence), there was a
statistically signiﬁcant but small excess risk of
bleeding, but not of mortality.
Whereas previous studies have found that oper-
ator sleep deprivation resulting from extended work
hours results in impaired operator cognitive and
psychomotor function and the occurrence of serious
medical errors (2–4), the relationship between
middle-of-the-night on-call procedures and subse-
quent day procedural outcomes has not been as
clear. Surgical simulator studies of physicians and
physician trainees have yielded mixed results. One
study found no impairment in psychomotor skills,
but a reduction in cognitive function among post-
call physicians (14). Another found no decrement
in psychomotor or cognitive skills following relative
sleep deprivation (15). In contrast, a third study
found similar technical but improved cognitive
function following acute partial sleep deprivation
(16). Studies of thoracic surgeons (17) and thoracic
surgical residents (18) have not demonstrated higher
cardiac surgical morbidity or mortality among sur-
geons who operated during the previous night.
Surgeons and obstetrician/gynecologists who oper-
ate on the day following middle-of-the-night surgery
have also not experienced higher surgical compli-
cation rates, unless there was <6 h of opportunity
for sleep before beginning the next operation (19).
Finally, no difference in readmission rates was
observed among patients operated on by general
surgeons after providing a trauma call (20). When
considered alongside these data, our ﬁndings are
TABLE 3 Degree of Sleep Deprivation Versus Clinical Outcome Among
Sleep-Deprived Operators
Adjusted Bleeding Risk Adjusted Mortality Risk
Acute sleep deprivation* OR: 0.90, 95% CI: 0.80–1.01;
p ¼ 0.06
OR: 0.88; 95% CI: 0.70–1.12;
p ¼ 0.3
Chronic sleep deprivation† OR: 1.19; 95% CI: 1.05–1.34;
p ¼ 0.007
OR: 0.81, 95% CI: 0.62–1.05;
p ¼ 0.1
*Procedures that began before compared with those that began after noon (assumes no sleep opportunity
between middle-of-the-night PCI and next-day PCI). †Procedures performed by operators who had performed
2 or more middle-of-the-night PCI procedures during the past 7 days compared with those who had performed
only 1 middle-of-the-night PCI during that interval.
PCI ¼ percutaneous coronary intervention.
FIGURE 2 Adjusted Effect of Sleep-Deprived Versus Not–Sleep-Deprived
State on Bleeding
See Figure 1 for categories.
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55reassuring for patients and practitioners alike that
middle-of-the-night PCI does not appear to be
associated with adverse patient outcome during
subsequent day procedures, except in rare circum-
stances. It is also reassuring that only a small pro-
portion of PCI are performed by operators who also
performed middle-of-the-night PCI procedures
earlier on the same day.
Middle-of–the-night PCI could potentially affect
each of the 4 major physiologic determinants of
fatigue—circadian time of day, sleep inertia, acute
sleep deprivation, and chronic sleep deprivation
(21)—culminating in impaired psychomotor and
cognitive performance, and theoretically, translating
into adverse patient outcomes. As the primary aim
of our study was to relate the performance of
middle-of-the-night PCI to next-day PCI outcomes,
middle-of-the-night PCI procedural outcomes were
not examined, thereby precluding any investiga-
tion into the impact of circadian time of day or
sleep inertia (22). Acute sleep deprivation leads to a
sigmoidal decline in cognitive function with
increasing time awake (23). If relevant, the effects
of acute sleep deprivation following middle-of-the-
night PCI might be most apparent in association
with next-day PCI procedures having later start
times (assuming there were no sleep opportunities
before beginning the next day’s procedures). We did
not observe such a relationship, but given that sleep
opportunity was not directly measured, we cannot
rule out that such a relationship exists. Chronic
partial sleep deprivation leads to more frequent
lapses in psychomotor performance with less time-
in-bed sleep opportunity (24). This scenario might
occur when operators perform middle-of-the-night
PCI procedures on days that are in close proximity
to one another over relatively short blocks of time;
we observed a greater likelihood of bleeding when
operators had performed middle-of-the-night PCI
procedures on at least 2 nights during the 7 days
preceding a sleep-deprived procedure. This observa-
tion should be conﬁrmed independently before ef-
forts to limit middle-of-the-night PCI call frequency
are entertained, given the potential impact on
access to timely life-saving patient care. Finally, it
remains possible that any or all of the physiologic
determinants of fatigue negatively affected operator
psychomotor performance but that these changes
did not translate into adverse patient outcomes.
Some data suggest that more experienced operators
may be less susceptible to the effects of sleep
deprivation (14).
Although we cannot determine whether case se-
lection was altered following middle-of-the-nightPCI, it is noteworthy that patients who underwent
PCI performed by sleep-deprived operators were less
often elective. It is possible that sleep-deprived op-
erators are less likely to schedule or more likely to
defer elective procedures on post-call days. Regard-
less, a shift from elective to urgent/emergent pro-
cedures is likely responsible for the greater
prevalence of acute coronary syndromes observed
among patients who underwent PCI at the hands of
sleep-deprived operators.
STUDY LIMITATIONS. The CathPCI registry does
not collect data pertaining to an operator’s sleep
status or whether an operator was awake during
the preceding night for other reasons (e.g., per-
forming diagnostic cardiac catheterization that did
not culminate in PCI, temporary pacemaker place-
ment, pericardiocentesis, or engaged in other clin-
ical responsibilities), nor can we account for cases
performed at non-CathPCI registry participating
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56centers. It was not possible to determine whether
operator age or other demographic characteristics
modiﬁed the relationship between sleep status and
outcome as data on these were not available. This
analysis compares “case mix” between sleep-
deprived and non–sleep-deprived operators, but it
cannot account for “case selection” per se, as we
cannot account for PCI procedures that may have
been canceled or rescheduled after diagnostic
catheterization in this dataset. Sleep deprivation
may be subtle in its manifestations and could
result in longer procedure times and/or greater
equipment use. Current CathPCI registry data ele-
ments do not allow for analyses of these end-
points. Finally, although we referred to operators
performing middle-of-the-night PCI as “sleep-
deprived,” we did not measure the extent of sleepdeprivation and it remains possible that operators
obtained enough sleep before or after the proce-
dure to be fully rested at the time of next-day PCI
procedures.
CONCLUSIONS
Our study suggests that only a small fraction of PCI
procedures are performed by sleep-deprived opera-
tors. The overall outcome of these patients appears
similar to that in patients undergoing PCI at the
hands of non–sleep-deprived operators.
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